Materials and Methods
Reactions and air or water sensitive reactants were dried and handled under argon atmosphere in oven-dried round-bottomed flasks. All compounds and solvents used were handled and stored according to supplier's procedures without any subsequent purification.
The control of the reaction progress was conducted by thin layer chromatography (TLC) using silica gel coated aluminum plates (MERCK, silica gel 60, thickness 0.2 mm, F 254 ). Analysis of TLC plates was done by irradiation with UV light ( exc = 254 nm, emission quenching) and staining with 5% H 2 SO 4 (in EtOH). Crude reaction products were purified by flash column chromatography on silica gel 60 (MERCK, 230 -400 mesh).
1 H (500 MHz), 
Compound 10
To a dry, argon-flushed Schlenk flask charged with 1.00 g 5-Iodo-2'-deoxyuridine (2.83 mmol, For bioorthogonal labeling the enzymatic primer extension was conducted as described above and the primer extension product was subsequently desalinated without the addition of loading buffer using illustra MicroSpin G-25 columns (GE HEALTHCARE). The resulting mixture was lyophilized and the residue was resolved in Millipore-water to the original concentration and afterwards incubated with 1000 equiv. (compared to the used primer) of the respective dye for a defined period of time (as stated in the figure captions) at room temperature.
Labeling reactions were stopped by the addition of loading buffer and PAGE analysis was performed. For PAGE analysis of samples containing cy5-modified primer P2 loading buffer excluding xylene cyanol FF was used. For dual labeling experiments primer extension was carried out on a 500 µl scale with an elongation time of 30 min at 37 °C. Afterwards the mixture was desalinated which led to a total volume of 1 mL. This dilution was used for labeling with the respective dye. After incubation with BCN-modified rhodamine 3 another desalination step was performed, the resulting solution was lyophilized and the residue was resolved in
Millipore-water before conjugation with the respective tetrazine-dye was carried out.
For the incorporation of conjugated triphosphates, the KOD XL polymerase was used.
Therefore, reaction mixtures (9.6 µL) containing primer (740 nM), template (900 nM) and KOD XL DNA reaction buffer (2 µL) were hybridized as described above. Afterwards KOD XL DNA- 
Denaturing Polyacrylamide Gel Electrophoresis
The product mixtures from PEX and iEDDA experiments were analysed by denaturing (12.5%) polyacrylamide gel electrophoresis (PAGE). Therefore, aqueous acrylamide/bisacrylamide Visualization of the transfected DNA constructs was conducted by confocal microscopy using Leica TCS SPE (DMI4000) with a ACS APO 40x/1.15 OIL objective. BODIPY (5) was excited using a 488 nm laser line and BCN rhodamine (3) was excited at 532 nm. Fluorescence emission was measured at 502-522 nm for BODIPY and 560-580 nm for BCN rhodamine. Image acquisition was conducted at a lateral resolution of 1024 × 1024 pixels and 8 bit depth using Leica Application Suite X (LAS X).
Images of polyacrylamide gel electrophoresis (PAGE) analysis

Steady-state fluorescence in vitro
Fluorescecne and excitation spectra were recorded with a HORIBA JOBIN-YVON Fluoromax-4 spectrofluorometer (equipped with LFI-3751 Peltier-Element from WAVELENGTH ELECTRONICS) in semimicro quartz glass cuvettes (width 3 mm, volume 0.14 mL) from STARNA. The spectrometer was calibrated against the raman peak of water (λ = 397 nm). All spectra were corrected against the raman scattering of the pure solvent. Following parameters were used: slits 7 nm (Figures S16 and S17) or slits 9 nm (Figure S18 Figure S18. Fluorescence of the primer extension product of P2/T2 after labeling by BCN-rhodamine 3 and tetrazine-BODIPY 5 in 50 mM Na-Pi buffer, pH 7. The different excitation wavelengths reveal the presence of all three dyes.
